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"Air Force Research Laboratory, Materials and Manufacturing Directorate, 2230
10" Street, Wright-Patterson AFB, OH 45433, USA
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“UES Inc., 4401 Dayton-Xenia Road, Dayton, OH 45432, USA

ABSTRACT: A dual beam focused ion beam-scanning electron microscope (DB FIB-
SEM) outfitted with an electron backscatter diffraction (EBSD) system was applied to
characterize the internal microstructure and local lattice rotations within multi-crystal
micro-scale test samples. The methodology outlined in this paper provides a high-fidelity
3D characterization of the internal grain structure of mechanical test samples in
conjunction with knowledge of the external boundary conditions and measurement of the
resultant stress-strain behavior, as well as characterization of the internal lattice rotations
that have developed.

INTRODUCTION: The majority of structural components are fabricated from
polycrystalline materials, and as such there exists a demand for modeling and simulation
tools that can accurately predict the plastic deformation response of polycrystalline
ensembles. One example of a simulation approach to address this need is the crystal
plasticity finite element method (CP-FEM) combined with meshes that explicitly
represent the morphology and local crystallographic orientations of polycrystalline
microstructures. Experimental validation of such methods is critical to their further
development. Yet, due to experimental and computational challenges, these studies have
typically been limited to simulations of explicit microstructures without experimental
comparison (Lewis et al. [2008]), experimental comparison to simulations of statistically
informed microstructures (St-Pierre et al. [2008]), and experimental comparison to
simulations with explicit representations of simplified structures (e.g., columnar grains
where the sub-surface microstructure is assumed, or 3D measurements of only the near-
surface grains) (Kalidindi et al. [2004]; Musienko et al. [2007]; Zhao et al. [2008]). In
the present work, we demonstrate a methodology for generating high-fidelity micro-
tension datasets with explicit microstructure representation, which can be coupled to
simulations for validation and further model development.

PROCEDURE, RESULTS AND DISCUSSION: The material selected for
examination was a 99.0% purity annealed Ni foil, purchased commercially with an initial
thickness of 50 um.  Micro-tensile samples were fabricated from the foil by
implementing a stencil mask technique. This technique involves using standard
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microelectronics processing methods to produce high aspect-ratio patterned templates,
i.e. stencil masks, from a Si wafer. Once fabricated, the stencil masks are placed on top
of a thin metallic substrate and the mask-and-substrate are co-sputtered using a broad ion
beam milling system. This ultimately transfers the 2D pattern of the stencil mask onto
the metallic substrate. The final sample geometry was defined using FIB milling,
through an automated process that serially milled the perimeter surface of each sample
while maintaining a back-tilt of 1° to ensure orthogonal sidewalls. The final sample
geometry can be seen in Fig. 1.

Three samples with gage volumes containing approximately 200 grains and nominal gage
dimensions of 21 x 38 x 80 um were tested to different strain levels (~ 1.0, 2.5, and 12.5
% axial engineering strain) through in-situ SEM micro-tension experiments using a
custom mechanical testing device. Despite the limited number of grains within the gage
volume and expected variation in local grain configurations among the three samples,
there is good agreement among the engineering stress-strain curves, as shown in Fig. 2.
Surface strains were calculated using DIC analysis to track the motion of FIB-milled
fiducial markers. The surface strain distribution was found to be heterogeneous, where
some regions remain nearly undeformed while others contain strains which are more than
double the average value.

The 3D microstructure and internal lattice rotations of the deformed samples were
characterized following mechanical testing by destructive 3D-EBSD serial sectioning
using custom automation software and an FEI Nova 600 DB FIB-SEM equipped with a
TSL Hikari high speed EBSD detector. The cross-sections were milled with a section
thickness of 250 nm. Crystallographic orientation information was captured for each
section by collecting EBSD maps using a pixel size of 250 nm. The grain structure was
subsequently reconstructed using DREAM 3-D software (http://dream3d.bluequartz.net/),
an example of which is shown in Fig. 3. The reconstructed microstructure in low strain
samples was subsequently meshed and used as the input for FEM simulations.
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Fig. 2. Stress-strain curves for three in-situ SEM micro-tension experiments.

Fig. 3: 3D microstructure of one of the multi-crystal samples (deformed to 2.5% strain).

REFERENCES:

Kalidindi SR, Bhattacharyya A, Doherty RD, 2004, “Detailed analyses of grain-scale
plastic deformation in columnar polycrystalline aluminium using orientation image
mapping and crystal plasticity models”, Proc. R. Soc. Lond. A, 460, 1935.

Lewis AC, Jordan KA, Geltmacher AB, 2008, “Determination of critical microstructural
features in an austenitic stainless steel using image-based finite element modeling”,
Metall. Mater. Trans. A, 39, 1109.

Musienko A, Tatschl A, Schmidegg K, Kolednik O, Pippan R, Cailletaud G, 2007,
“Three-dimensional finite element simulation of a polycrystalline copper specimen”,
Acta Mater., 55, 4121.

St-Pierre L, Heripre E, Dexet M, Crepin J, Bertolino G, Bilger N, 2008, “3D simulations
of microstructure and comparison with experimental microstructure coming from
O.L.M. analysis”, Int. J. Plast., 24, 1516.

Zhao Z, Ramesh M, Raabe D, Cuitino AM, Radovitzky R, 2008, “Investigation of three-
dimensional aspects of grain-scale plastic surface deformation of an aluminum
oligocrystal”, Int. J. Plast., 24, 2278.

3

Approved for public release; distribution unlimited.



	StmtACover
	2011-4391SF298
	88ABW-2011-5613



